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damage to the experimental die used in this work. 
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The objective of chis work //as to manufacture cy powcer 
metallurgy techniques a porous superalloy which could oe used 
for sweat cooling applications. 

Elemental powders witn the cor. position of X-4 0 were 
presseu at high pressures and sintered at nigh temperatures 
to form a basic material. By use of ammonium bicarbonate as 
a pore producing agent tne poros-ty was controlled uniformly . 

As a result of thio investigation it was found chat: 

(1) The optimum, compacting pressure was 100, JOU psi. 

(2) The optimum sintering temperature was 2100°F. 

(3) The specimens produced were soft but had high wear 
resistance . 

(4) Tne maxim ur. relative density achieved ../as 7 d/>. 

(5) lontrolled variations in porosity were achieved 
between 2 4- and 52, . 

(s) The permeability coefficient varied linearly witn 
porosity. 

(7) The use of a salt impregnation technique to pre- 

serve metal porosity during machining operations was 
effective in preserving pore structure but tne salt 
could not be readily rc. :ovea. 
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CHnrThR I 



INTRODUCTION 

The use of higher and higher temperatures in new for:. .3 
of power plants has imposed the most extreme requirements 
on the engineering materials used in their construction. 

Two approaches have ueen usea to this prsLlen. The first 
e -tails the production of better materials which will main- 
tain tneir properties and performance cnaracteristics while 
actuallj heated to these higher temperatures. The secono. 
approach envisions the use ol a coolant to recuce the tempera- 
ture to which tnc 1. etal parts are actually subjected. 

The orthodox application of the latter approach is common 
engineering iracoice nut the application of sweat or urans- 
piracion cooling is con.^ai-ativelj recent. In ol is t} pe of 
cool-L -g a porous ...etal is er. plowed ana a coolant is forced 
through the pores. The coolir. 0 fluid, nay oe either a liqa_d 
or a ga^ ana she ...anner in which it is used will deterr ine the 
coolirg characteristics oltainei. The cooling action consists 
of (1) a mechanical absorption of neat from the metal wnile 
passing through the pores, (2) the formation of a cool layer 
of insulating vapor ox. the flame siue o^ the metal, and (3) 
in the case of a liquid coolant, the cooling effect achieved 
by evaporation on the exposed wall. 
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The arana^ic effects of sweat cooling arc cess expresses 

in terns of the results achieved 'ey investigators in this 

5 

field. Hoffman and Gillette , with an estimated flame ^cr.q er- 
ature of 3500 °?, report a maximum wall temperature of 137°F 
using .1 cc/sec-in^ of 'water as the coolant flow, my the use 
of air cooling for a 0 as turbine ulade sc cert and hsgar^ show 
a ola ie temperature rO°F below chat of bi.e gas stream. 

The metiiou of Reparation of the porous metals cons isos 
Oj. aadiug a gas producing age it to a me^al powder, compressing 
the fixture Under high pressure ana then sintering to'achie/c 
ti.e for. .ation of continuous metal phase interlaced witl inter- 
com. .ectin 0 pores. From a design point of view the use of a 
porous .. etal requires close control sf’ tne permeability in 
oruer so assure the correct flow rate of the coolant under 
specifies cm.uitions of pressure drop. In practice the re- 
quired flow race would be calculates, fro., neau transfer da^a 
a..d tr e pressure arop established fror.. other design consider- 
ations. The permeauility required of the porous metal would 
then oe calculated asd a porous ...etal specified on the casls 
of the amount of gas producing age t used. 

n.-j materials have seen fabricated for this application, 
Robaslp the moot successful being stainless steel corpacts 
witi a;. .iOrium uicaroonate as the porosity innuci.-g agent. 3uc- 
sequeut research however, has shorn slat porous stainless sueen, 
wnon subjected to the severe temperature conditions of rochet 
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motors, exhibits a tendency to cracu from thermal stresses. 

In this investigation an attempt has seen made to pre- 
pare a porous metal suitaule Tor transpiration cooling iron 
a cooalt base alxoy ox the nigh temperature superalloy group. 
The alloy chosen was ji-w+O (Haynes Stellite pi) in order to 
obtain maximum uecnanical properties at elevated temperatures 
in combination with the corrosion and wear resistance neces- 
sary to resist the flow of not combustion gases as well as 
better resistance to thermal cracking. The use of tnio alloy 
in sweat cooled applications should permit the use of greatly 
increased flame ai u gas temperatures without the loss of 
material strength. It is conceivable that wall temperatures 
on the order of lt-loOO°F may be utilized thereby permitting 
gas temperatures several hundred degrees higher. Such an 
alloy could possibly bo adapted for use in proposed nuclear 
power plants for aircraft propulsion where the most extreme 
temperature conditions are likely to be encountered. 
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The powaers usea ii: the produccson of the porous speci- 
..e a rere obtained from various sources as tabulated i i Table 

I. 

TaEL_ I 

PChDEhnD STiLS - SOURCES Ai D DESCi.IPTIu: 



Cobalt 



1 LIaa/, O oC 



Cic’cel 



,hrOx.iur. 



SUPPLIED 

Africa^ ecals Corp. 

25 ^roanway 
x.ew Tore, n . 'f. 

Fansteel .. etallurgical Cor^ 
22C0 Sneriaan Load 
i.orth Chicago, 111. 

i etals Disintegrating Co. 
Elisabeth, n. J. 



Electro i etallurgical 
Division 

Union Carbide and 
Carbon Corp. 

30 E . 42xxd St. 
i ew York, n. Y. 



SSH SIZE 

-3 co 
-325 



-ICO 
50c -325 

(..>D102)* 

-20 

reduced b y 
milling to 
-140 



PU .iTY 

y l • s , 



O o r 

'7 « ^ J , 



,7 • s 5;'" 



* max.ufacturer ’ s designation 

in selecting She proper particle size for use in compressi x 
oriquettes Goetsel^ advises she use of fixxe pov;ders and the 
x'inest powders commercially available were secured for this 
word. The exception chis was the chromium powder which 
/as availaole only as a nixed powder passing through a twenty 
...esh screen. 
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The chromium powder as receiyea ./as too coarse to oe 
adapted for this type of work. The first step //as to pro- 
cess the entire batch through a series of U. S. standard 
screens arranged in the following cascade of mesh sizes — 
70, 1+0, ar a 270, The powders segregated approximately as 
follows : 



50,, 


4-70 




40 )g 


-70 


4-140 


i‘/° 


-170 


j-270 


1m 


-270 





where - indicates passing through and 
4- indicates remaining on the screen. 

It was considereu impractical to attempt reduction of 
sufficient powder to permit use of -270 mesh chromium and 
therefore -140 |270 powder was used throughout the investi- 
gation and is designated herein as -140 mesh cnrocium. Ad- 
ditional pov/der of -140 mesh v/as obtained by grinding the 
coarser powders in two mechanically driven mortars and pestles 
made of nullite. Jith a grinding period of two hours a yield 
of about 20 v /o of the desired powder size could be obtained. 
Sufficient pov/der to complete the investigation was obtained 
in this manner but considering the very small quantity of 
aterial handled by these machines (approximately one teaspoon 
each tv/o hours), it would not appear feasible to attempt an 
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investigation requiring suosta* tially larger a aunts of c. ro- 
jtium powder. It had been planned to attempt reduction by use 
of a na.nuer mill out tne lack of a suitable screen precluded 
its use in tm-.e to prepare powder for this investigation. 

In order to achieve a minimum porosity for the uasic 
metal it was necessary to have a gradation in particle size. 
Tuis was only partly attained in that the cobalt powder Tor; - 
ing nearly oO/ of the mix '/as all of one ^esh size. The use, 
however, of chroJLuu powder of a larger mesh (-140) and a 
niccel pov/der of graded cor position serves t partially com- 
pensate for this snort co -in 0 . 



7 


















. 
















i. - • 






J - 












4 - - 



. 

- 

























oIIapt?,;: hi 



I IaIPG CF PCi/DiP-.S 

For tliio investigation a soai.dard mixture of the iour 
casic elements of a -40 v/as adopted and used tProugr.ouc cle 
investigation. He composition ■. f t* is . liicture cy weighs 
percentage /as as follows: 



CCPALT 


5?.;, 


GllhC IUi 


25.0/C 


rICKLL 


u.o; 


rrr - nam 
i c ijL.u 1 mi i 


7.5 



x.o attempt was na ie to include the 1 , tf iron nor the 
.54 of carbon in the standard composition. It is felt that 
it >/ould have been lesiraule to in elude tie caruon since the 
hardness o? the material depends to a great degree On the 
formation of caroines. 

To the above rrixture /as aaded a standard 1 of lithium 
stearate (Li C^, J 2 ) ^-e form of Litnolite* to act as 

a lull ri cant for the powder during the pressing operation. 

Tl e addition of this s all a- ount of internal lubrication had 
a .efinite salutary affect on the pressing operation as com- 
pared with, attempts to j.ress unluLricated powder as judged op 
tie in creased co ..pression raoic, lach of ssriations or laminar 
uands and the complete elimination of the grinding a~d crusl - 
ing noises which were .larhealy apparent v/ith unlulricated 

* Product of Foote i f to . do., Phila, Pa. 
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powder. The u 0 e of some fori of ixxberxxal lubrica t ia con- 
siaered an ausolute necessity in this cype of Li 0 n pressure 
cor 'action in order oo achieve uniform density, to .’reserve 
the die and plungers and to insure a smooth fir isu on the 
cor. pacts. It shoulu ^e noted, However, that in thio case 
tiie percentage chosen ; .a/ not ce the optimum nor the ini- 
uia require ..ent for satisfactory cor, paction hut was used 
throughout to obtain uniforr ity of tne nix and elimination 
t.xereb, of one of the nany variables ii. t’ e problo;. . 

The use of lic^iun stearate was predicated oil ^he ixa- 

5 

f or; .at i Oil of Goetzel^ on the use of littiu..i vapors a 0 a 
reduciiig a .d drying agent for vrater vapor and oxyge.'. origi- 
xjiating with. in the compacts. Txiis was considered as a very 
valuable axxd ir port ant function ixx view of the oxides a.xd 
vrater va^or i robaol., present withixi the compact. The use of 
calcium stearate as a lubricant i:i the very first run at- 
tempted appeared to produce a sintered . etal of tie sai 'e 
quality ao those produced with the lithium salt, ho quan- 
titative evidence is available to evaluate the relative value 
of these two lubricants. 

Using the standard nix referred to above, the powders 
were mixed in an Abbe sail rill for a period of twenty-four 
hoars, for the first few runs oxily sufficient powder was mire 
to permit pressing operations on a daily sasis for each ix* li- 
villual furxxace i.eat. ns the 3ixxteriixg 



schedule became 



stawiliseu and as the grom.d chror iui r owder oeca r e a/ai_able, 
larger latches of the X-’> 0 nix were prepared to use as stock 
for further addition of the aui-onium bicarbonate in various 
percentages. The nixing of the powder blend caused no undue 
(difficulty . 

The audition of a:.moniun bicarbonate as the gas prouucixxg 
agent was accomplished by keeping the powder refrigerated with 
iry ice during the mixing operation to prevent dissociation of 
the bicarbonate. This mixing operation was carried out wi ti- 
the Abbe wall ill tut with the 10 ft diameter r ullite jar mod- 
ified by the insertion of a concentric steel cylinder, 4 n in 
diameter, which held the balls and powder to be mixed 'while 
the annular space between the walls was filled with dry ice. 

A wooden cover with suitable holes for the escape of the cairoon 
dioxide completed the assembly. 

Originally it was planned to mix the ammonium bicar uo^ate 
with the basic a- 10 for twer c., --four hours to insure adequate 
blending and pulverisation of the bicarbonate powder. Trial 
runs de'" oxistrated that the amount of dry ice required was 
large, with to.; pounds of the refrigerant lasting only two 
hours. Jith this restriction she blending time was limited 
x tiro hours. The resultant mix showed no trace of ammonium 
ui carbonate and the porosity x reduce . was reasonably umfon.i. 

The arsnonium bicarbonate used was sifted through a 70 
mesh screen a^id was then added as a percentage of the amount 
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of metal tender seir.g used. All expression of bicarbonate 
content in this paper, ho, -/ever, are expressed as a percentage 
of the total weight of the mix. 

After uixi .g and while pressing the powder mix containing 
ammonium bicaroonate was stored under mechanical refrigeration 
at -^0°F to prevent dissociation until the powder was actually 
iu its final pressed fora . no appreciable dissociation could 
oe detected under these conditions, sut it was noticed that 
a slight amount of water /apjx was condensed on the surface 
of the powder. 

After- pressing, no further attempt was made to prevent 
dissociation anu hie compacts wore allowed to reach room 
temperature until placed in the furnace for sintering. 
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OLAFTLr: 17 
DIu UiSiOR 

Tue pressi g oF specine. s 'raj actor j.,lioi.e «. xt a .ie 
iesx to e especially For ti'is project. In order tc produce 
results convenient!/ v/ith ti e equipnei o availacle tue size 
oF the s^cir.e.. ,/as liicicea to v/o' 1 in diameter. Thus u y 
u 3 ing a U-.i’ ersal Testing machine in compression tfith a 
Uiaxir-.afi load oF 7,000 pouu Is , a pressure of 100,000 pounds 
i er 3 qua re inch on the Faces of the specie ex coni':, be pro- 
duced sii ce the Face area wa s . o square Inches. This arbi- 
trary site i- posed on tire s; ecirr.e.uj several/ limited tie 
ar o nxt of testing tfhic: c< ul 1 oe acc u. plished . a the finis e 

prouuct j sice their si all si. :J e ;recluued the i.ai ufacture 
oF tensile s-ecir.ex j 1 at / of ti e stan dard configurations . 
The c/llnnrical shape v/as established as tie sm/lcst a .. 
..ost coiivci.ie.it c uix'ij.uratio.. For the lie . a- uFacturo a: .. 
aloO as being the . ost ada; ^aole „o Further test! j o 1* perr.c 
ability p /as F^ nf thre phi trie s x eci e . 

Ixx oruer to ac. ieve tic scaliest variation. i A . co-pact 
ue sit;, it is necessary to utilise a press /it 1 a double 
acuix j plunder ovemer.t so ti at compressive otioiJ is applie 
co tie po /der Fro . opposite lirections. Unless t! is 1 table 
action is a; pile 1, t c variation in density alc/.p, tne axis 
cF A r os si-2 /ill var„ rail call/, decreasing as tne distance 



12 



i'ro;;* the cox.4re33i.iito Tace increases. The application of hue 
principal of the floatii 4 die elix.ii^ates the need for two 
moving plungers in tliat the die is supported by springs, and 
nerce is free to /cove when acted upon by the wall friction of 
the ponders being compacted. The movement of the die permits 
relative notion by the second plunger and hence compression 
troiii t’ e second direction. This is illustrated in Figure 1 . 
Imagine chat a ...ass of powder to be compressed is contaiiiOd 
in the die uody uetween the faces of the plungers while a 
uniaxial ccnpressive force is applied on the upper plunger. 

The first actio*, of the plunger will be to compress the upper 
layer of cne [. owder Into ar archlike bridge searing against 
she walls of the die ca/it*. This vertical force transmitted 
to tie die cody causes it to .10 ve downward and coxr press the 
ruboer springs. Thus, in effect, che lower plunger moves u* 
au equivalent distar ce relative to the powder mass and con- 
pression is actaineu from uO«l top and bottom of the compact, 
in operation inter particle friction within the compact balance 
the race o- compression of the Two plungers so that move Cnt, 
ana hex ce densif ication , progresses equally from octh ends. 

In «i e design of this die no inf ormation /as available 
on the frictional effect to be expect eu ./hen usix. 0 a powder 
...in of tie h-iVO cox. .position . The figure used for esigr , 
therefore, was cased on tie data of Uncnel as reported bp 
"oetsel^ for iro . powders iabricaced with grapnite. The 
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figures given by Uncl'.el i* iicate tx at .<+ of the coupactior 

force is translated go the die wall for a 100 g. iron cor.qact 

a;.! that figure was used, in this wor It should ue notel 

that the percentage of the load translated to the die wall Is 

a function of the lateral surface of the die cavity exposed 

to the powder or t uore si r ply a functior of the height of the 

powaer fill. The springs for this uie were uesigned for a 

loan of ./ < r x sO,OCO or 2'+, XU pounds , but the springs usel 

were of a "softer" rubber than is indicated. It is evident 

that if the rubber is over-coi pressed the force is ii uiie .(.lately 

translated. to the lower plunger ar.d thereby to the under side 

of tne | owder co pact, t! us relieving ti e overconpression 

of the Springs. The original calculations were fl.a^e for an 

estimated compression ratio cf 3 a 1 a finished compact height 

of .77 5” rhish required a compression of the rubber springs 

equal to l/2 the aifferei.ee between the hei.gr t of the powder 

fill and tie height of the pressed compact, equal in this 

case to .77 9 n • The area, thichness, and hardness of the rubber 

springs requires was calculated on the ^.aois of the consineu 
13 19 

1 aca of Ja~l a... Valance ana Dcugi t_e x , aid ..n accorda r ce 
with the folldwing formula: 




where y 
A 
E 
K 



55 

'55 



deforniatioix, in. 

loaded area, sq.in. 

modulus of elasticity, r 'Si 

form factor corresponding to t*.e 
ratio of the loaned circular areas 
to the total surface area 

modulus of elasticity of 55 durometer 
ruoscr, psi 

deflection of a 1 in. cube of 55 



duroueter rubber, in. 

The i.ardness required oO ...eet the a^ove specific .1 cju- 
ditioix^ was duroueter uuriyor £5 out the actual springs used 
were fabricated of chree one-inch layers of a somewhat softer 
ruobcr wi ich was available for use. Concurrently the u.axi*..u: 
height of tie compact was reduced to .5 i.-ch anu. the lexigtn 
of the lower plunger (C) was increased ty .A 5”. 

Tne die cylinder was desi 0 nci uu the oasis of na. e* s 
fOxTiula^" for chic c wall cylinders subjected co high internal 
pressure. In Its nos ^ co .venient form for obis application the 
for >.ula Is 






.n ere 



r 

F 



outer ra-' .us o*’ cylinder in inches 

r.axiuur allowaole fioer stress per 
square inch (taken as 40,000 psi) 

inner radius of cylinder in inches 

pressure within the cylinder in pounds 
per square inch. 
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The maximum allowable filer stress was car on as 40 ,j 00 
psi, cne imisr rau.j.u.3 na . already oee j.ixed a^ // 1^" and c .e 
maximum pressure at which the compacts were to be pressed was 

r 

100,000 psi. As pointed out t/ Ooetzel-', however, the later- 
al pressure exerted on the walls of the die is not the save as 
the pressure on the faces of the plumpers when compacting metal 
powders, since these powders do not act as a n/drostatic meli- 
us. The value of P, therefore, was calculated uy multiplying 
the value of the compacting pressure by Poisson’s ratio, givin 0 
in this case a 'wall pressure of 30,000 psi. The value of R 
as chus calculated is 1.75" (0 = 3*50") and the diameter was 
arbitrarily increased to 4-0 0" in order to achieve greater 
stability of the uie tody a..d to give a somewhat 0 reater factor 
of safety. 

The clearances set ween plungers am die -were uaseo. On 
the i...porta .t consideration chat an exit ; ust be provider 
for any entrapped air during the compression stroke which 
v/: nil otherwise cause laminations in one compact. If, how- 
ever, the clearance is coo large tie microscopic * articles of 
the powder will find cueir way between the moving surfaces 
a..d cause galling, scratching and even weld themselves to 
che uie r aros. The clearance chosen, therefore, was base, 
on t..e eng ...leering '’m.ug fit" and approximates . 0005 " base., 
on the diar e ter of the plunger,. (See figure 1 for actual 
cslera'ces). Since in this case compression was to be slow 
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hydraulic pressing it //as felt tnat the danger from exfcra r ped 
air rfas minimized . 

The die cavity in which the co; pacts i/ere pressed ,/as 
designed with a 1* draft or taper as a:i aid iu ejecting the 
pressed, compacts. This taper was produced i.i the finis! ed 
co. .pacts out was of no importance. 

Goetzel^ reconjiieuds a ^ardness of .-to cl well C 45 for the 
Lie uod) and hochweli C 40 for the ; lungers for experimental 
xies of this type out in this case tie hardness for both die 
and plungers was specified as GpO du® to the extreme hardness 
ana abrasive nature of the powders. 

The die and plungers as described a'^ove where fa^iicated 
Uixuer contract at the Lnited states ^.a/al ui-ipyard, Ga-it 
Francisco, taiif. Tx.e material used was a hard tungs ten tool 
s x/ e e 1 • 
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uii receipt ^f the dies a..d plungers wor %. /'/as cofv-enceb 
usii.y iron ; owner in order to i..easure the actual c ogress .ion 
ol tie rubber sprixigs ar d the effecti /Oueas of t-ie floatixt 0 
ule principle outline, acove. Two speci.-.c . s (30 gran Till) 
re re r ressed satisfactorily at of, 000 psi lUC a. "ter tie third 
pressing great difficulty v/as experienced in ejecting tire cor - 
pace. It '/as "'in.', ti at ole upper pluxxger v/as tig'. tig ja....- -eh 
1.. c^e die oodj . atte: r ts cc withurav tne plunger by pus : ixxg 
on ui e uocto lace we re ur successful . A total rover, ent of 
3/V* ./as achieves, uefore these efforts v/ere discontinued since 
a force of A. ,300 ^ our Is prouucen xio further move eat. Tx.e 
^ro 0 ectixig part of sx.e upper plux.ger //as then sa//ed off and 
retailed for further use while tixe plunger remaining ixx toe 
die was drilled, cored and ground out i.i careful sequence. 

The die walls has beexi scored a.xi galled xg this casualty cut 
sy careful grinding tne _xie v/as restored to usefulness. Fart 
o_ the cavity in ere taj ere a sectiox. remained unda. aged and 
suuscque.-t pressing operations v/ere confix ed to this uxxra .ages 
area. As a result o? this barrage tie height of tne fi ished 
compacts was limiter t-> .3” and after extex.sive Oj.eraticxx de- 
creased t :> .A" • 
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clean tne die v/alxj Ojl pomei* oexox*e 




xficcr u mg 


cae upper pxunger. 
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ina us>e 


Ox 


Xi pOwUSX if/xOil tilt; JOtSi. 
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one o j-iii.-L-i.cii' j- o y ono t C WO iut.u8.j-d ix8u. 8 grenoer 

tendency to pxuuiote Cuiu v/eld.xxig* 
in ui aer Co reuuco tne lateral buriace eApodeu. to cue 
v/eiuiug action ojl’ one jjQv/uer , Cm ee utctiorio ./ere cut x'rorn 
tiie upper plunger , eacn ^/ 4 ,; in length, .vxcn Cue x'aceu groum 
ac rignt angito to one axu . one ui oneje begiiieiiOd wa 3 useu 
a.o a ciUii ay cornpreoolun pxotuxi Cnrougn^uo ui 8 lUx'CiiOx* //ui a • 

Aii audi oic/iai piungex’, cundiubraoiy uiioeroxteu., v/ao iaDia- 
eaoeu. Iroiu ia.xxa oteej. to tranbimt the Uppj-ieu. for ce to tiie 
u.ua li'iy p-LSuoii* ili-Lo iueiuDei* ^ru /au. oUujloXuc twi'y ou oujo^uu 
pv ; jl out jl or cXj.o pto jiugb at tii.e iii^nGi’ pi'cooureo ox 00 anu 
j-oo,oou jjoi anotxiex* plunger v/ao iaoricauea 01 Align ayteu uooj. 
ooecx. liiiu pi Unger wa. 3 preneaceu. une noui au luuu u r 

oi n unen gue-LiCi^eu. ia'u m iii oil ♦ A ono noui ccijiperiiig 

at ^ronuotu a xiuai xiuroxAe^o ox noCauGii op / • iXj.e 

oevei'ar pai uo are bixOWn uxbaddomoleu. in i 1 xgure x, • 

10 prevent a recurrence oi tim c&dualuy uejcriueu, tne 
x o j- j-o w j-Aig px^oceuure v/ao carexuj-ly xunoweu m uuuoG 4 uGno 
.ji’edd-Lug uperationd . 

Aii f ^aito v/ex*e Kept dcrapU-Lousiy Citan. Ax ter 
each pxCddxng tne pai ud v/erc v/ipoa c-xeaxi wx on a 
cxocn . 

1 / 



(2) loti: plungers were carefuxxy lubricated by nano, 
using a high grade pressure grease (Lutripla^e- 
oall bearing grade) . 

(3) An internal lubricant was included in the powder 
mix as discussed uuner Iiixing of Powder-. 

(A) The u_e cavity was filled by nears of a centrally 
positioned glass funnel as shown in figure 3* 

This prevented the deposition of large amounts 
of powder on the die walls. 

(3) After filling the die cavity tie pouaer was leveller 
and the wails ./ere wiped clear ./ith a cotton swab 
and inspected, uefore the du.uny f lunger was inserted. 

( -<) The aie parts were demagnetized. 

Tne above r rocedure while laborious v/as considered oo be 
essential cc fureh^x’ operations ./ith the die. By following 
this procedure a tonal of ninety -four preosi.x^s were made ana 
_t is estimated tnat with careful use t..o die would produce 
five sines tnat au ber. 

Tne tii„e consumed in these operations was probably dis- 
g or tionate to the results achieved, since the first spec^.- 
...ens required an average of thirty ni. utes eaci . ./ith in- 
creasing experience dm is v/as reduced to less than fifteen 
minutes per pressing. 

fie pressing procedure v/as to increase the load at a 
rax of lOOo pounds per seconu to the designated load, whrci 
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wa^ uelu Tor live seconds . The die assei. ^1^ is chow, th. .er 
cor.-j. ressioii in Figure 4* Tue load was then reduced a- a., 
approximate rate oh 2000 pounb.3 per second. After unloa 1L „ 0 , 
she lower plunger was rex oved a .u the load ./as agaix. applied 
to eject the pressed compact . Tie force required for ejection 
varied betweer 400 ana oOO peux.ds sat was observed to se 



ecus taut for any type o ? compact. 



It v/as found necessar., to eaten the e u ectei. specimen 
Oxx a s-all ./ad of cotton to prevent the formation of erachs 
rfh i ch i.aue tie specimen worthless. 

The co pacts produced at pressures in tne range ^0 - 
loJ,000 psi i.ad excellent gree i strength and were character- 
ized. by a aright shiny finish with sharp edges. Under normal 
x a dling these sharp edges were preserved throughout the 
sintering operation. T.xC greer. compact is illustrated in 
Figure 5* The particular specimen, illustrated had been sub- 
jected to Lar.ulig which caused the worn edges. The pressures 
of 10 and .100,000 psi produced compacts wit.x a firmer, shinier 
a.n i.iore scli 1 appeara.ee. 



The compression ratios achieved with this powder are 
oaoula.,eu ix_ iaule T-i. . 



Ta^LxJ II 



. 0x..pacci/x o Pressure (psi) 

jt } J00 



o0 ,000 

100 , 100 
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S Xxi x juj ..Ii-.G aTiI/Si ixixiLxj Ai J PLRIFICaTIlu. SfSTixi 
helium was chosen as the atmosphere used during sinterii. 0 
pri~arily uecause or its ir.ei-o nature. Several incider ts jl.ere 
neliun escaped into the operating furnaces during the course 
or t..e irves oi 0 ation confirmed tne soundxxess oh this selection. 
Also as a result of ./or 1 : o, other investigators the use of 
x.eliuc. instead of hydrogen has seen demonstrated to increase 
t'.e tensile strength of ponder r. etallurgy products by as much 
as twenty yer cert. 

Tie purity of tie at o sphere is essential fox' the aclieve- 
...ex.t of proper sintering :.f si e alloy ana all traces of oxygen 
a..-d water vapor /ere re loved. 

The otar u i; y poirt of tie ..eliur.. train was standard U.S. 
navy Gx-ade A helium. This g' a t approximately 100'; - A ure ar.d 



is entirely free 


o:? 


oil rapox- 


« -JLi 


order i>o remove ary lit- 


parities uhc 0 as 


pur 


— L Urn 1 b3. l Old 


trai.x 


as shown in Fi 0 are o v/as 


use x. briefly ti 


x 3 


cons ilg o e (X 


oi' a 


tube furnace maintained a 



lrtO°F coixtainiixg copper tur .lings through v/nich the gas was 
passe . lx crier to absorb oxygen. Tula v/as follov/ed by tv/. 
••Iryixig towers , containing pota-ssiu... hydroxide and calcium 
cnloride respectively, and a mo char, leal filtering tower con- 
taining loooo cotton .o retain a solid particles carrier, 
over from the two preceding chemical towers. 
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passed ti rough a vapor traj. consisting 



The gas was a.e 

oC a coil of glass tubing submerged in liquiu nitrogen. All 
liquid nitrogen used in this work was furnished through the 
courtesy of the iiicrowave Laboratory, Stanford University. 

The gas system was operated at an inlet pressure of 
2 psi gauge against a each pressure cf about l/2 inch o " 
fa .or at a flow rate sufficient to maintain a steady stream 
of bubbles in the water to which the gas was discharged. Cn 
cornier. cing a run a higher flow rate was maintained for about 
one hour in order to clear the system of impurities and as 
an a_d in clearing the furnace tube or smoke and ga^es gener- 
ated in the compacts. Soi e trouble was experienced with 
clogging of ti e exhaust tube with a y ellow greasy substance 
expecially during tiiose runs with nigh ammonium bicarbonate 
content. Ihio probler arose principally because of the small 
inner diameter (i/l_r») of the glass tubing used but was quick- 
ly overcome b„ passing a wire tiirougi the tubing to clear ole 
stoppage and restore flow. 

It was notcu that as extremely hign flow rates the Leliur 
lea/ir 0 the liquid ..-J_trogen cooling coil would freeze the 
rubber nose fer distances up to three feet or to the point 
wx.ere the gas actually e rteren the furnace. This phenoi e so 
occurred 0..1., and er unusual conditions of high flow rates aw. 
was net normally of a..y consequence. 
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CIiaPTI*. 

TLJ FUn..A r '^ a D SI'.Tihll'.O GFLRATIOI S 
Fie /xtrnace used in thin investigation was a nurrell 
high Temperature c ’te Furnace ( ionel OTsl-y) and is illus- 
trated in Figures 7, ' , and Ti is furnace operated 3 .oot. - 
ly throughout o ie course of the experimentation except for 
cl e tu.oe trouble discussed tele:/. Control of funace tempsr- 
ature was achieved Ly r cais o'" a uheelco sail counted con- 
troller o; erating from a Plat ir.ur- Flat inu*. 13' Rhodium. u era; • 
couple ./hic r was encased in a 5/'" sillinanite protecting 
cube i.sortea axially in the furnace tube. The original 
^ur^ace tube was a 1 7/u 1 ’ C. ). type 304 stainless steel 
welded tube. 

In or'er t ■ achieve ;ro^r sirtcri.-g of the X-RO mix it 
was estimated tha's the sintering temperature should be in the 
range 2000-2400°;?. Puns vie re commenced at a noriral 220C°F 
v/ith the intention of establishing an optimum temperature . 
aui 1 was a^pare.:tly successful ana Run 2 was conducted at 
the same temperature, out a c^ro^iun powaer of -270 mesh was 
substituted for the -I4O i.iesh used in Ru-i 1. These specimens 
all showed a unifor expansion rather tha - the expected con- 
traction inherent in the sintering process. For Run 3 the 
temperature was increased to 2400°F ar d on this run b rsao 
difficulty was e. countered in r aintainiug satisfactory helium 
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flow through the furnace. A'ter Che furnace had coded it 
wa 3 discovered that the staixiless steel tube had seen com- 
pletely earned through and separated into two parts. 

In order to continue the word a sillinadte cube with 
a 1" inner dianeter was substituted and this type of tube 
was used throughout the re: ain.uer of the investigation. 

Inis tube requires, the sealing of the 5/d thermocouple 
protecting with refractory cement wi ich prevented routine 
disassembly . 

After dun 4 the s> ecde.*s were found to be completely 
welted and uoth furnace and thermocouple tubes were frac- 
tured in attempting disassembly . The furnace tube was re- 
placed and the thermocouple tube repaired using an under- 
size closed quartz tuoe ard refractory cement. The ter.per- 
ature control system was then calibrated and the controller 
was found to be 20''°? in error. Subsequent furnace Operations 
were controlled sy potentiometer readings using the con- 
troller Only to maintain measured temperature. Temperatures 
for suoseq lent runs varied due oo the action of the 

controller . 

Cm Che ^asis of .>ei: 3 it„ measurements (q.v.) a sintering 
temperature of 2100'- ) ~' was selected and used for all runs sub- 
sequex t to buii 5b. This was dene in order to obtain gradations 
in porosity in tne time available. 

Tne operating procedure for the furnace consisted of 
starting at the lowest pc 3 s idle voltage and amperage rating 
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cU-u ILnCi'Gdt j uliC^O Vcll^.GJ ole y/ 1 ^ .jU’C JuOcl .il^ • j_jl‘. Ci.6 

ce' ; erature ra . ~e above luOO 0 / te .perature increase /aj li. - 
itou to an averaje rate ob 5°b A er ni. ate ir orc.er to 1 reve. t 
t.erral exacting. i.o abnormalities were observed in t o s x cc- 
ir ens whicr could be traced to excess-ve . eating rates except 
as ner.tiore . in tne sectio n on volu eti'ic changes. 

Sintering temperature was saintai ed on all runj for hour 
hours. brie rfas ax aruitrar; bigure arid in viev/ ob tne resulob 
achieved Is consider ed to nave bee. too snort by a ju sbanbial 
a iOUnt * 



Oil coT-ipleticii. ob tne sii.terin 0 |erioa the scimOns were 
fax': ace cooled to room ceujteraturo. Due to the st all site 



.. f uj .e bcrnace tuiu co 'ling rate was auvuo lJ°i’ j er 
uuriu 0 cooli. tie uelitu.: blow ,/as maintained b r 5 
or until tne te.-g eiature rean eu lou'j 0 . Ti.e tellur 
tie. dbC it j-nue a a •. one .low s^stei c i 1 1 1 cl .a e u 
u ai. tne at...o s x .i.ere auri.ig sutsequcnv uolxu 0 . 



inute . 
r ilnUtes 
blow wao 
t . .ain- 
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C.aPTL> VIII 



vclu: nThic cha^c^s ju\ir n 

3 

Du ves , on id s basis of clilat \ .stcr e.ipar oi n-c. ..tracoi'.-n 
curves, sho«/s the i. t errelation betrree : shrii hare and oiixCerir 0 
actiox. to estublis'x d.e proper ter p era bur s Tor sinter bop. In 
this i. vesti^atio ■f‘iud.1 volumetric s’lri'^a^e ..as been recoric . 
for all runs ux.i is shown ir Tipure 13 us a Curctafcxi am o- 
iiiuiu bicarbonate co.tex.t. for sjeci e..s c Xxtai i.p a A ore ;r- - 
ducinp apex t t e \easure of sirixxhape .093 n t lexxOte tl e e ?- 
fectivei.ess of si.teri..^ as it does v/itb sire pri> ary ;.iCCal. 

The . .ata cue presented uore as beinp o " interest /ltd respect 
Co tiie volumetric cha a eo to bo expected /hoix proun.cirjj a persu^ 
metal . 



bxa ix.atiox. uf hi pure 13 s o»/s Chat shrixxha - e '.e crease^ 
riel iixcreasi -p 00*3 acti a ^occaroj ./it?-. oc..er ‘aeters re- 
air ii.^ CDnSta t. Tlxio is Co jO expected, fc*r accor .ir p to 
loetsel" 5 ,Tr h.e higher tie ix.itial density, the o. aller is tie 
sate 0? lensifica si on J.uri.ip t'a siutori- p treat' ont, an! Che 
Smaller also are u th t e rate of shn. -ape ant. t. e actual 
3. ri.- -aye 1 * . Tie ..ip’rer o* rixx :a ;es observed at greater a s trial 
bicarc ..ate perce„tapeo ai e ..ue to the uisst ciatior. -P this 
ape. t a d the partial fillinc of tx e resultant . oi is . 

After si— terix.p each pr^u x is ra^ f unc. C at the spocit e: s 
La a a hered to eaci ocher. The uepree of adhesior varied b it 
ras preates c shore tx 0 s A <ec o. s baa xee. Lomu. coped or ^ 
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wire oefore glacix-g in the furnace e. 3e A . ara- \ of tie 
specii..ex.s was accouplisLeu Ly olows with a plastic allot. 

n 

Tx io serves to corrolorate txxe evidence of su./es-' t> at xx .1- 
ti A io pu ,/uer allots 3V0,; a rapid cx^a aior curing sinter Imp,. 

.0 aata on the thermal ex; a.-sion c’ araceeriscics of t e .1- +.0 
proofed contacts were available other tha she therral ex- 
pansion coefficient reported 7 SteCuO, ± '- > "or c .e cast .e^al. 
fir is average value for the rau*je 7'- - luJC 0 ■’ is *.7V -1 10 - -' 
ia/in-f vhict wcuiu 0 i. r s a:, overall ex,, a- .s ion for a Specimen 
• 7" thick: of .df >'* . The expa. sio . o sorvea hero is .eiievei 
u c x ave tees. r.uch larger. It io regretted that diaso- 
i.eter expansion aata are available fur preseutati x.. 

It /as lot ed tra ^ ail pri- ary speeme s sh^weu a:. 0: - 
^arsioo after sintering along tx e longitudinal ads a d a cox*- 
traction on the diane^er :r tra s '■ersc a.:is r ; re-sing. 7’ is 
is ii lercreuef as a raUa^e f inter al stresses whicl are 
oriex.tei wit' respect t«: f e lei 0 itu .i al axis as a -esuit 
of t e A ressi:_, operation. Tie average results are ^auxlate 
i-_ fade Iff for s x eci< six t,en3u at 2loo°.': 
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TA. LL Xi 



-Llli. .JjAi . 



J..3IC An 011a< OhS JUWLi.G 3x1 Ti/' .I-.G 



Joi pact mg 
Pressure 



Longitudinal 

j-iXpUUS lOu 



Tra-s^ei 33 
bcutrac tion 



jO , 00 j 
c 0,000 

IX ,000 



• X- 

l._l 

X . o2 



X « > vx 

X .2? 

XXX 



' or ti e cor.* acts ^reused at j 0,300 p3i throe specinens 



were -oatroyeo cj the ex^a-.sion of the 0 ases witi.i the c c - 
pact. The failures took the fori of conplete tras'erse 
cleavage of the specinens. Ore failure occurred wit! a 
bicarbonate content of 7»V, (bun i. ) and the otucr tm ,;u 
a bicarbonate content of 13 . (fun ho. 10). Tie pheucnonui . 
was not observed on an} other run and a contributing cause i 
believed to have tee. igh early neatmg rates. 
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vHAi TjCiI*. In 

hTALLl !RAF' r I r ^XA ~F ATIC1' OF oPhtL . Z 

The structure of the primary specimens of X-40 is typical 
x metals prepared by po.fder metallurgy techxj.iqi.es. This metal 
shows a hi^h porosity which is a characteristic inherent in the 
method of preparation and constitutes a basic difference ue- 
tween metals prepared from metal powiers and those ottaiued 
u/ fusion methods. The cause of thio so callo ! primal y A or^s- 
lt; is due in lar&e part to incomplete co- paction. 

Pieros copie examination of t..e metals shows that it con- 
sists of a cooalt rid ..atrix ccn^ai ..in^ a net v/srh of c uq.lem 
carci'les and a phase of ^artiall} allowed c’ ro,. iui. . I? ip ) ure 1J 
llluocrateo t .e structure and c. 0 ,e tJ ree of alloying of the 
ci rcxia.. particles as well as h'.o jrain growth ?/hich ..as taiOn 
A lace durii. 0 si:itori:: 0 . 

Thio micx^ohna^ - ./as prepared liput etcniup tilth a l 

ci romic acid solution folio. red immediately 0 / etcniiwj f r 

0 e ,r e . sec ..Us i.i ax.calinc A otassiui x er a.-^anate as outlined 
l ~> 

u, ri lar ! "" L " . 
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.'hi SlTY Ai .0 rU,CSI.’ v MSbhl’LITS 
i-e uei sit,, of a powder i etallurgy ^roduct const ituteu 
its ruost important single proper ! -j as a ..easure oC she effec- 
uiv8i.o jj o . the press—i^g an*. sinteri — g o* erasi. - i. The agj. areu 
e*.sity or specific gravity of these s; eci.. ens .raj calculate, 
up wei gl! a -d volume i..easc.re.-cr.ts . On the Oasis of the den- 
sities ol oaine . at various temperatures as show,.. in Taule 1/ 
a uinterin 0 temperature cf 21 / >' z ? .raj selected Tor all sul- 
s e 4 ue -t runs . Tie valuer represerte are a,, average oT o~e 
measure ents icr Tcur s_eci*e-_s: 

TAIL " 1 / 

DEhSITY CT 3Fh'jr*S!S Phh33...0 AT o0,:0 r i3r 
Sintering Temperature A^ parent, Specific Oravit* 

, UfV cc ) 

2000°f m.lo 

21r0° 1 u.2m 

22:0' ) T ..11+ 

The ra ._,e of e sities Detained u . sintering at 2100°T 
is show:, in Taule / mere ti e percentages e::;ressec. are case . 
oil a s^.eci.i ic 0 ravig o_ case a. - t-c o . ^ • u0 *7 g ..i/c c * 
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HAlDr..-i33 AaSU- '.&! Z T3 

Selected s A eel. .e .3 */ith t eir races o rcai. Sla» a 1 
parallel ,/e re vOjteu for i,ar.’ -eos a ,rii.ell i arcu.ej'j 
sester uxiiu 0 a 5DC Rfl load. The 3 eft character oP this 
sintereci i.ascrial /ao revealeu ii. ti c ii.irrcscioro IcTA ^ 
viiS i..^enter /ith a j- all a. rular area of cx-uo.xeu a «1 y iel .e l 
...aterial 3 surrounding t. ie Le ..ijyherical .xiidcxitati a. eas- 
ure:.eut 3 /ere ta’ce . or c. e inner or * rl..*arp in .entail •.**. a*. 1 
are rej.orte i in Talkie II: 

TA LI VI 

LAI LL A DMS3 rP -+" SPLCIIHS S 111 TIL. J ) A? 2lJ n ^ 
lo'^acti. j Pressure Pri^ell Farineto 

i_oi_ . . r . ... o _ 1 ( ^ 

y ~ JO ^ 2 . 

W - y -/ V U Jo 

IcX y JUU / V 

^.e er.tx'e...cl^ lev/ uarunejo is aotri.,use . t.-: (1) 0 

x .x .u3 i.ati.re cl «n3 . .atei’ial ’Axle >er. .^^tet, re^a^ivelj 
i.ax'’u x articles to . >.• / c into t: c xi 3 a. _ o..crx Uj a lee/oi 
1 e 1 »c.x'au_o.. t~e 1. .lex. ter anu (2) tlie 1 o»j earLon eoute c 

and. short oinueri 0 ti .e .a icx. prevented. re Torr atiou 01 
su..xi cie.it cai-cj.c es uO j.e > e 1 oj^ uc. / a.L iiai^u.. e 3 3 • 

The nori..al hardness cf A- (.0 ixx the cast coi. '..ItioL id 
oc - /ell A o4 ax id the alln^ x.3 3t.0x.e^ tics_e co a^e i.ai c.Gnii-x.Q 
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AxAirTu: All 

* aOHIi.Iu.G 0? PCROUS SI'aF^itIS 
Iii order tv. Face the surFaees oF t^e sintereu spec e±.j 
t..e procedure r ropes ed oy ..’heelor^" 1 ’ /as used to in;, rebate 
the ycres v/iti. nolten souiur.. chlorine. The speci-Ons /ere 
j.i — eiseu _ii ixoloGi. salt at l-Jd 1 "' ■ xtr t /e/i cy ...t.ixuccs 
the, allsv/e to cool Felore priiidlay the Faces. lixis pr 
ce sure ./as effective lx. '.■.ai*xtaini'. c ; ti c A :re s true bare an -a 
she x-,- ixidi-. 0 opera tioxi a^ ju 0 eu oy ohservasiou uuuer the 
o cereosco A .ic nicr oscope . 1.x or ..ex- t) use the ue'tal For a 
s /eat coolii._ application it io necessary to re...ovo tr e sale 
to restore the ori^ix-al periueaLilxt., oF the structure. At- 
tests to achieve t; is u/ joili* • io ./at or //ere uusuccesoFul 
The spectre.- s ,/ere 'veiled r a t r tal F ui..j Lours ,/iti 

hourlj charges of u. e ./atex ai.d at tite e -a oF it. at oi...e were 
exuain~ lar 0 e a .iouixt s of cryotalli-e salt. ..o a^texjt /as 
,,.ade t • ...easure t< e qua titati se eFFe ct on t e A ex* eauilit„ 
al o-..o*ip,x. it ,/au ot served t. at flow xate was co.-si .eraole 
below tr ao u' Ux.s_eateu 3yeci;.er.s. Tuis tar e iixeffectivexxes 
oF t’ e leac/ o^eratiu.i to re ove the scuiui. chlori le is 
x..erxt ione 1 Tj;al'uos ad .ua..rijx t^ «Fu subs tituted czalic 
aci:. (as recoi».:..eiic.e i. b- ./heeler) a cl reported '’very e c^urap 
ins" results. . 
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Ft A. 1LITY ' JiASlRS. £i*TS 



In tie abe or a j.orous i.aterial Tor a sueat cooling a^l-i. 
caoiou cue u.eoiyr±,._; e.r;i .eer uses i. e A ,eri~ealilit.> coeffi- 
cieuc co relate the rate of coolant flo // and tie ycrcslc;, of 
& e .etar. In tne t;yical design jrobleii t .e engineer /ill 
i.ave available tne required coolai t . lr f ; fro., neat transfer 
stmuics ar d me desire, pressure droj fro,., otr er .eai to n eOn- 
oi lerauio-.s . ty use of t 1 e ;ero.ea ilitj c .efficient ole le- 
siyrer can ties -e^ar me t-m retire i ^crosit/ ax a, te.,ce, 
specify the ,..ater.iai to ce use.', o tie ^ajis r ' ‘ t..e a o r.t 
of pore producing aye ot ./ Ich is to u e aide 1 v < vie .m. 

The yer oa ility coefficient m deter, me . fj '>e ajur i t, 
cue flo/; race and yrecsire ur^f across t 'e - orous j^ecicer . 

1.. this T> ;cr'< four s^ecirem ? different porosity ./ere 3n- 
jecte l to premure by co. presce air a- . v e res ltant "low 
through t. e r. e cal i easuren ream of a ,_,aj flo.; . ecer. i s 
observed rojulcs './ere vie., correlate . .arch’s equation. 



as i. or*— ula o G li • r ^_a . .^na.. ^as ^1 o . t 



<2_ = * _-G> 





L 



3 



;Ixere ^ 
p i 



h 



re ij, a race ol flo./ r er .uiiix, area (1' /aq joc) 

treasure a; tie ertraace clue of ale A cr :\.3 
...e«al ( A oi) 

, reaaure ac t e exit, aiue of of o aoroua i coal 

(.31) 

o', ic'xiejj of fcr.e 3 /ecir.re (1..) 

;reiyia of c e flui A er a^it /olur-.s a; ^reaaure 

1 ^ ( 1 x> / c a in) 

viacooiv^ of ai e flaiu (lo - oec/aq in) 

^erxeax ilia/ caefficic! t (aq in) 



i t*e raaa ^ a a Ot-oer/ea _ v * gi g ^ rer c na x — >^' a. e c ii,re..~3 ^ ax*e 
plotted I** figure 1+ a..a j,.,../ that aa i »/ fix; rauCo txe re- 



laci-LCi. uec,;ecn ole ^.i'easurc— aqu.a* e ^ xexrencc a.<.u. alie flo.x 

rate io eaao:.t_a_l y linear, rue x /ariaf.i i. o.dc x.eaa 
ti .e s ^re c ixe.ui> a : /axlaaic .or atu. , .._/ t..o 4 x’CjSui'O aqaare 



i 0 1 ‘ 0 X - C 6 xxciL l>06ix 0 ^ x'oJjO A C ‘ u.-i o X0_ ui' • 1 0 lx‘3 



G_wX‘0 JSC j t)i-6 J 3.- 0 G^CJ" 6-*JLio0.-u ell X'GJllloJ 
coG— J?_c _0 ao a x.i.AiC oi 3 ii j . x f.c jic^ • 



,/i uL e:xeaiiii 
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Ao a result .'•? one e:: i eri...c..'cal >ror : conu&fccec. au A t. 
ouis in vet ti^a tiou tlse j.ollc cciic-i-ati 1 u±t nave uoo.. 

i or '.e j. : 

(1) n-^yj Mixed f &hl tue elemental pov/ '.era ca.. je suc- 
cessfully compacted into uriquetees vr.icx ~.ave yood jree*. 
strength. 

(2) .Ti'.e Metal con-pacts can se successfully sintere . in 
a iiSliui.:. aG'.Oj^iOre provide. >. tiat t^e neliuu ij absolutely 
1 are a .i Tree tro.i 'ua; 0 Gi. a> . /a ter /a^er. 

(3) The ...eo ou o. contr Hi j p r olty b* t e audition 
of a r oniun bicarbonate is a proven icchniq .e ar. is rea.ui, 
a .a^ sable to f^r^ii. * ; or oat n-<iX' . 

( + ) The si -ter in*; sire use . rat too jj rt to peri it a e- 
quase diffusion ana all 1 yin£ o' tie cbrot'iur 1 o j .er . 

(3) The mpre^ aSict. cl ; oro is . etalo v tu . olte.- sals 
requires a lon~ treat .oat to restore tbe original ; ert.eabiiie! 

(^) .. re etitei oive experi e.-tatl m _s required before 
atte. A uiu t- e uo e ^ , 'vritj p at a ^ ,inoe.L * .d jBi - al 

axtii ut'Ji tie procedure of as_ a noliur. 'M;bere for s_n- 
ttit .ny e 1 ± ears _eabi~>lo. 

( , ) lie b.to of A oroua (. in a sweat . — 1 ^ra.-t' — oat.. >n 
o ole a. plica «i or. t oulu pci it tie ire o increased ila c 
cut a ~at tot £ eratures vi-tiiort tic lott o .atenal ttre ft 1 . 
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.**juC* -■ *ji. oh hi ti S 

r tie ua^io ci the results oi' sained -the iollo./inp, ;ec - 
o iatics.s are submitted: 

(1) T*.e oirteriup ti..*e use.~ _i said ee j crease.. .Li* der 

t iiicrease che cili^usion oi one cl ror...iun A haso. 

(2) Speci..iOns should be t re* ared ii* a sise and sla;.e ./hid 
v/culu A er it Oi.e ror'.i'.'.^ oC tensile s A eeii.xe..s -L*x 0**6 oi oho 
standard conli-~uratior*s so that additional necianical ;ro - 
erties oi this porous ncta! *.a„ ^e reported. 

(>) bsii.p speed. Oi.s oi tie rac n.t.:uod in (2) dilate- 

,e^or studies shculu conducted in ordei' ^ j ii-; ..ere exactly 
o re iiG^e sLnteri-ij tcnporati.ro . 

( f) A . ai o i Cu*al sc*i.i6-.j j-.c Miu ^0 pi Cj*arej. j_i* a ccn 0 — 

urat-iii ,/.■ icn e/eux 1 A er;it hie testi *j; a, '. evalaati-u oi t _e 
i.eat tra.sier properties oi She ;..e„al , ile subjects 1 to h**e 

ilow : : a coolant el. r o up o; e po_ os . 3uci coper ire ts i/ould 
r er it a. evaluation o F ene etal’s res.ista*.ce to t- en.al 
erac ,i* p, ./he* i su jecte l to ra A .i . c clL-.p iro r riph tenpera tares 
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FIGURE 6. Helium Purification System 
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FIGURE 9. Furnace Arrangement - Plan View 




.FIGURE 10. X-40 Compacted at 100,000 psi and Sintered 

For Four Hours at 2100°F. Etched With Chromic Acid 
and Alkaline Potassium Permanganate (250X) 
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VARIOUS POROS/r/£S. 
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